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FOREWORD 


This  report  presents  results  of  a  portion  of  the 
experimental  program  for  the  investn.gation  of  hypersonic 
flow  separation  and  control  characteristics  being  con¬ 
ducted  by  the  Research  Department  of  Grumman  Aircraft 
Engineering  Corporation,  Bethpage,  New  York.  Messrs. 
Donald  E.  Hoak  and  Wilfred  J.  Klotzback,  of  the  Flight 
Control  Division,  Air  Force  Flight  D3mamics  Laboratory, 
Research  and  Technology  Division,  located  at  Wright- 
Patterson  Air  Force  Base,  Ohio,  are  the  Air  Force  Project 
Engineers  for  the  program,  which  is  being  supported 
partly  under  Contract  AF  33(616)  8130,  Air  Force  Project  No 
8219,  Taak  No.  821902. 


ABSTRACT 


Preasur©  and  heat  transfer  data  vere  obtained  for  Mach  21 
flows  over  a  blunt  pyramidal  configuration  ccmpospdi  of  a  70  degree 
sweepback  delta  wing  surface  and  two  dihedral  surfaces*  Instrumented 
trailing  edge  flaps  were  mounted  in  pairs  on  either  the  delta  wing  or 
dihedral  surfaces  and  an  uninstrumented  ventral  fin  was  attached 
during  several  test  runs.  The  model  was  pitched  at  angles  of  attack 
between  -30  and  -thS  degrees  for  free  stream  Reynolds  numbers^  based 
on  model  lengthy  of  approximately’  $1,000* 


This  report  has  been  reviewed  and  is  approved* 


Actg  Chief,  Flight  Control  Division 
Air  Force  Flight  l^ynamics  Laboratory 
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INTRODUCTION 


The  experimental  data  generated  for  an  investigation 
of  hypersonic  flow  separation  and  aerod5niamic  control 
characteristics  are  presented  in  a  series  of  reports,  of 
which  this  is  one.  Pressure,  heat  transfer  rnd  force 
data  were  obtained  for  hypersonic  flows  over  ’’basic 
geometries,”  such  as  a  wedge  mounted  on  a  flat  plate, 
and  for  ’’typical”  hypersonic  flight  configurations  with 
aerod3mamic  control  surfaces .  The  experimental  portion 
of  the  program  required  a  total  of  11  models  (see  Fig.  1, 
p*  13  ) ;  8  for  tests  in  the  von  Karman  Facility  of  the 
Arnold  Engineering  Development  Center  and  3  for  tests  in 
the  Grumman  Hypersonic  Shock  Tunnel  (GHST)  (Refs.  1  and 
2) .  Analyses  of  the  entire  test  program  are  to  be  pre¬ 
sented  in  a  forthcoming  final  report  on  the  investigation 
of  hypersonic  flow  separation  and  control  characteristics . 

This  report  presents  pres¬ 
sure  and  heat  transfer  data 
obtained  during  April  1964  in 
the  GHST  (Ref.  3)  on  a  blunt 
pyramidal  configuration  having 
attachable  trailing  edge  flaps . 

Geometrically  similar  models, 
one  instrumented  for  force 
measurements  and  the  other 
instrumented  for  pressure  and 
heat  transfer  measurements, 
were  tested  in  the  AEDC  40-inch 
supersonic  and  50-inch  Mach  8 
tunnels  (see  Fig.  1) . 


MODEL 

Photographs  of  the  model  installed  in  the  GHST  are 
shown  in  Figs.  2  and  3.  The  lower  surface  of  the  model 
is  a  blunt  delta  wing  with  70  degree  sweepback.  The 
planar  portions  of  the  dihedral  upper  surfaces  are  right 
triangles  and  are  connected  by  a  cylindrical  segment 
which  forms  the  model’s  ’’ridge  line.”  The  three  cylindrical 
leading  edges  and  the  spherical  nose  have  the  same  radius. 


Manuscript  released  by  the  author  in  May  1964  for 
publication  as  an  FDL  Technical  Documentary  Report. 
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The  cross-sectional  shape  is  the  same  as  ore  of  the  ASD 
—  General  Applied  Sciences  Laboratory  pyramidal  models 
tested  in  the  AEDC  Hotshot  2  hypervelocity  facility  (Ref. 

4). 


The  model  has  four  attachable  trailing  edge  flaps , 
one  on  each  dihedral  surface  (shown  attached  in  Fig.  3) , 
and  two  on  the  lower  surface  of  the  model.  The  flaps  are 
always  mounted  in  pairs,  either  both  dihedral  (upper) 
surface  flaps  or  both  lower  surface  flaps  are  attached  to 
the  model.  As  shown  in  Figs.  4  and  5,  the  flaps  have 
rectangular  planforms,  and  their  hinge  lines  are  parallel 
to  the  base  of  the  model  (perpendicular  to  the  ridge  line) . 
The  flap  chords  are  15  per  cent  of  the  virtual  length  of 
the  model  and  the  "deflection"  angles  of  the  attachable 
flaps  are  40  degrees,  measured  in  the  planes  normal  to  the 
flap  hinge  lines . 

An  uninstrumented  ventral  fin  is  attachable  to  the 
lower  surface  of  the  model  between  the  trailing  edge  flaps 
(Figs.  4  and  5).  The  wedge  shaped  fin  has  a  total  wedge 
angle  of  30  degrees,  a  cylindrical  leading  edge,  and  a 
chord  equal  to  15  per  cent  of  the  model  reference  length. 

The  ventral  fin  is  geometrically  similar  to  the  instnimented 
fin  of  Configuration  "B"  shown  in  Fig.  1. 

The  attachable  flaps  and  fin  provide  four  model  con¬ 
figurations:  1)  the  basic  configuration,  2)  the  basic 
configuration  +  the  lower  surface  flaps,  3)  the  basic 
configuration  +  the  upper  surface  flaps,  and  4)  the  basic 
configuration  +  the  ventral  fin. 

Twelve  pressure  transducers  and  eight  heat  transfer 
gauges  are  mounted  in  the  model  at  the  locations  shown  in 
Fig.  4  (see  also  Table  I) .  The  gauges  are  positioned  along 
strearawise  lines  coincident  with  the  flap  centerlines  and 
extending  forward  to  the  leading  edges  of  the  model.  Two 
pressure  gauge  taps  are  on  the  model  leading  edges.  Another 
two  are  on  the  lower  surface  centerline;  the  downstream 
one  is  covered  when  the  ventral  fin  is  attached.  The 
pressure  and  heat  transfer  gauges  in  the  attachable  flaps 
and  the  corresponding  gauges  in  the  basic  model,  (which 
are  <ipvered  when  the  flaps  are  attached)  ,  are  equidistant 
from  the  flap  "hinge  lines." 
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TEST  CONDITIONS 


The  model  was  tested  at  angles  of  attack  of:  -30, 

-15,  0,  +14.3,  +30  and  +45  degrees.  Angles  of  attack, 
a  ,  are  referenced  to  the  lower,  delta  wing,  surface 
of  the  model  and  are  positive  when  this  surface  is  wind¬ 
ward.  At  a  =  +14.3°  the  dihedral  surfaces  are  parallel 
to  the  free  stream  flow  and  all  flap  hinge  lines  are 
perpendicular  to  the  free  stream  flow  direction.  The 
model  configurations  tested  at  the  various  angles  of 
attack  are  indicated  in  Table  II. 

Useful  test  flow  durations  of  approximately  3  milli¬ 
seconds  were  obtained  in  the  Grumman  H3rpersonic  Shock 
Tunnel  (GHST)  for  the  tunnel  flow  conditions  given  in 
Table  III.  The  25  degree,  total  angle,  conical  nozzle 
used  had  an  exit  diameter  of  18  inches  and  an  exit  Mach 
number  of  19.  It  provided  Mach  21  flow  with  free  stream 
Re3molds  numbers,  Reooj  of  approximately  73,000  per  foot 
in  the  region  of  the  model  instrumentation.  Because  the 
flow  was  conical,  stream  conditions  varied  in  the  test 
section  with  distance,  both  along  and  away  from  the 
tunnel  centerline.  Distributions  of  the  Mach  number  and 
static  to  total  pressure  and  temperature  ratios  are  plotted 
in  Fig.  6  versus  axial  distance  downstream  of  the  nozzle 
exit.  These  distributions,  obtained  from  the  calibration 
of  the  tunnel  nozzle,  were  taken  as  invariant  from  run 
to  run. 

Although  the  calibration  curves  are  invariant,  the 
tunnel  stagnation  and  free  stream  static  conditions  vary 
from  run  to  run.  Reference  free  stream  static  conditions, 
at  a  station  7.00  inches  downstream  of  the  nozzle  exit, 
are  given  in  Table  III  for  each  test  run.  Corresponding 
values  of  the  stagnation  pressure  and  temperature  and 
axial  distributions  of  the  static  conditions  can  be  calcu¬ 
lated  for  each  run  by  using  the  calibration  curves  pre¬ 
sented  in  Fig.  6. 

Schlieren  flow  photographs  were  taken  during  several 
test  runs,  for  angles  of  attack  from  0  to  +45  degrees. 

Even  at  the  highest  angle  of  attack,  however,  the  low 
density  of  the  stream  flow  greatly  limited  the  usefulness 
of  the  schlieren  flow  photographs . 
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DATA  REDUCTION  AND  ACCURACY 


Pressure  and  heat  transfer  data  were  reduced  to  the 
standard  coefficient  forms  presented  herein  by  using  refer¬ 
ence  "free  stream"  conditions.  These  were  taken  as  those 
at  the  tunnel  sector  center  of  rotation,  (7.00  inches 
downstream  of  nozzle  exit).  As  shown  in  Figs.  4  and  6, 
the  center  of  rotation  is  in  the  aft  portion  of  the  model 
in  the  vicinity  of  the  pressure  and  heat  transfer  gauges.* 

Measured  pressures,  p,  were  reduced  to  pressure  co¬ 
efficients  , 


c  _  P  -  Poo 

p  'IT- 


using  the  reference  free  stream  values  of  the  static  and 
dynamic  pressures,  Poo  and  qoo,  calculated  at  the  sector 
center  of  rotation  for  each  test  run. 

Aerodynamic  heating  rates,  q„,  were  presented  directly 
by  the  heat  transfer  gauge  instnments  (from  measurements 
of  the  transient  wall  temperatures,  T^^) .  The  heating  rates 
were  nondimens ionalized  in  the  form 


where  Nu  is  the  Nusselt  number,  x  is  the  streamwise 
distance  from  the  virtual  apex  to  the  planform  projection 
of  the  heat  transfer  gauge  (see  Table  1  and  Fig.  4),  and 
Re^  is  the  Reynolds  number  based  on  distance  x.  For 
each  test  run,  the  values  of  k,  p^,  U^^,  and  P-oo  (t^e 

thermal  conductivity,  density,  velocity  and  viscosity  of 
the  free  stream  flow) ,  were  calculated  at  the  sector  center 
of  rotation.  Values  of  k  and  Re^^,  (Re^  =  xRe^)  ,  are 
given  in  Table  III  for  each  test  run. 

*At  CL  *  0,  the  center  of  rotation  is  at  X'  =  0.6246 
(X'  is  the  nondimens ional  model  coordinate  measured 
downstream  from  the  planform  virtual  apex) . 
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The  proximity  of  the  pressure  and  heat  transfer 
gauges  to  the  chosen  reference  point  for  the  free  stream 
conditions  minimizes  corrections  due  to  the  nonuniformity 
of  the  tunnel  flow.  Because  of  the  blunt  shape  of  the 
model  and  the  high  pressure  levels,  neither  "buoyancy" 
(Ref.  3)  nor  "flow  angularity"  corrections  are  justified 
for  the  data  presented  herein.* 

Pressures  and  heating  rates  were  estimated  to  be 
accurate  to  within  10  percent  of  their  measured  values. 

In  addition  to  these  estimates,  the  model  configurations 
and  test  conditions  provide  a  certain  amount  of  repeat¬ 
ability  which  can  be  used  to  ascertain  the  accuracy  of 
the  data  presented  herein  for  the  basic  configuration. 
Thus,  for  example,  the  upper  surface  data  should  not  be 
influenced  by  the  addition  of  the  ventral  fin  to  the  lower 
surface . 


RESULTS 


Table  II  summarizes  the  data  obtained  on  the  model 
and  indicates  the  corresponding  figure  numbers  where  the 
data are  presented  herein.  The  GHST  test  run  numbers  given 
in  the  table  indicate  the  order  in  which  the  data  were 
obtained  and  are  to  be  used  when  referring  to  the  tabulated 
values  of  the  free  stream  reference  conditions  given  in 
Table  III.  The  omission  of  test  run  numbers  indicates 
gauge  calibration  or  faulty  test  runs. 

The  pressure  and  heat  transfer  data,  in  coefficient 
form,  are  plotted  in  Figs.  7  through  27.  Pressure  coef¬ 
ficients  and  values  of  Nu/y/  are  plotted  versus  X'  , 
nondimens ional  streamwise  distance  downstream  of  the 
planform  virtual  apex  of  the  model  (see  Table  I  and  Fig. 

4) .  The  reference  free  stream  conditions  for  the  coef¬ 
ficients  are  those  at  the  tunnel  sector  center  of  rotation 
(at  X'  =  0.6246  for  a  =  0) .  Data  obtained  from  the  gauges 
mounted  in  the  flaps  are  plotted  at  the  X’  stations  of  the 
corresponding  gauges  in  the  basic  model. 


'For  example,  the  "buoyancy"  correction  for  the  axial 
variation  in  the  tunnel  flow  static  pressure  would  yield 
a  total  variation  in  pressure  coefficient,  from  the  lead¬ 
ing  edge  pressure  gauges  to  the  ones  furthest  aft,  of  less 
than  0.004.  c 


The  absence  of  a  data  point  from  a  plot  indicates 
that  the  corresponding  gauge  either  malfunctioned  or  v?as 
covered  (for  example,  by  the  ventral  fin)  during  the 
test  run.  The  ordinate  scales  for  the  data  vary  from 
plot  to  plot,  they  were  chosen  to  minimize  the  number 
of  uff-scale  points  while  retaining  as  much  accuracy 
as  possible  for  the  majority  of  the  data  points. 
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Experimental  Heat-Transfer  Investigation  in  Regions  of 
Flow  Separation  at  Mach  Number  8,  AEDC-TDR-64-30 , 

February  1964. 
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TABLE  I 


INSTRUMENTATION  LOCATIONS 
(See  also  Figure  3) 


Instrument 

No, 

X* 

Y* 

X  (feet) 

T 

1 

0.754 

0 

P 

R 

2 

0.887 

0 

R 

A 

3 

0.444 

-0.449 

E 

N 

4 

0.444 

0.449 

S 

S 

5 

0.664 

0,433 

S 

D 

6 

0.754 

It 

U 

U 

7 

0o887 

It 

R 

C 

8 

0.962 

It 

E 

E 

9 

0.664 

0,472 

R 

10 

0.754 

It 

S 

11 

0,887 

ft 

12 

0.962 

11 

T 

55 

0.664 

-0.433 

0.460 

R 

G 

56 

0.754 

It 

0,523 

H 

A 

A 

57 

0.887 

II 

0,616 

E 

N 

U 

58 

0.962 

It 

0.668 

A 

S 

G 

59 

0.664 

-0.472 

0,460 

T 

F 

E 

60 

0.754 

11 

0.523 

E 

S 

61 

0.887 

It 

0.616 

R 

62 

0.962 

It 

0.668 

X*  s  Nondimensional  streamwise  distance  from  virtual  apex 
to  planform  projection  (see  Fig,  3). 

Y'  s  Nondimensional  spanwise  distance  outboard  from  center 
line  (see  Fig.  3). 

X  =  streamwise  distance  from  virtual  apex  to  planform  pro¬ 
jection  (  X  =  [8.325(in)/12(in/ft5]*X'),  used  in  reducing 

to  Nu/->/Re^ 
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TABLE  II 


Angle 

of 

attack 

(deg) 

Configuration 

-30 

Basic 

-30 

+  upper  flaps 

-15 

Basic 

-15 

+  lower  flaps 

-15 

+  upper  flaps 

0 

Basic 

0 

+  lower  flaps 

0 

+  upper  flaps 

0 

+  ventral  fin 

+14.3** 

Basic 

+14.3 

+  lower  flaps 

+14.3 

+  upper  flaps 

+14.3 

+  ventral  fin 

+30 

Basic 

+30 

+  lower  flaps 

+30 

+  upper  flaps 

+30 

+  ventral  fin 

+45 

Basic 

445 

+  lower  flaps 

+45 

+  upper  flaps 

+45 

+  ventral  fin 

TEST  CONDITIONS 


Figure 

Nimbers 

(Data 

plots) 


G.  H.  S.  T 
run 

numbers 


Heat  transfer  data  from  run  1487. 


'Dihedral  surfaces  parallel  to  free  stream  flow  at  a 
degrees . 


TABLE  III 


TUMEL  FLOW  REFERENCE  CONDITIONS* 


M 

00 

(p„/p, ) 10® 

(T  /T  )10^ 

^  CO  o' 

Essentially 
constant 
for  all 
test  runs. 

20.51 

0.1403 

13.02 

GHST 

run 

number 

p  X  10^ 

00 

(psia) 

(psia) 

T 

00 

(°R) 

k  X  10^ 

/  BTU  'N 

Re 

00 

10^  ft 

^ft  sec  °Ry 

1460 

0.2235 

0.06581 

47.72 

0.4063 

71.38 

1461 

0.2370 

0.06979 

50.49 

0.4298 

69.57 

1463 

0.2353 

0.06929 

50.12 

0.4266 

69.82 

1464 

0.2188 

0.06443 

46.79 

0.3984 

71.95 

1465 

0.2170 

0.06390 

46.45 

0.3956 

72.15 

1466 

0.2029 

0.05975 

43.81 

0.3733 

73.63 

1467 

0.2231 

0.06569 

47.62 

0.4055 

71.44 

1468 

0.1890 

0.05565 

41.29 

0.3519 

74.91 

1469 

0.2112 

0.06219 

45.34 

0.3862 

72.79 

1470 

0.2255 

0.06640 

48.11 

0.4096 

71.14 

1471 

0.2188 

0.06443 

46.79 

0.3984 

71.95 

1473 

0.2150 

0.06331 

46.05 

0.3922 

72.38 

1475 

0.2100 

0.06184 

45.11 

0.3843 

72.92 

1477 

0.2379 

0.07005 

50.67 

0.4313 

69.44 

1478 

0.2344 

0.06902 

49.93 

0.4251 

69.95 

1479 

0.2344 

0,06902 

49.93 

0.4251 

69.95 

1481 

0.2023 

0,05957 

43.70 

0.3723 

73.69 

1483 

0.2270 

0,06684 

48.40 

0.4121 

70.95 

1484 

0.2309 

0.06799 

49.20 

0.4189 

70.44 

1485 

0.2093 

0.06163 

45.00 

** 

TCfC 

1487 

0.06350 

46.19 

0.3934 

72,30 

1488 

0.1795 

_ 

0.05286 

39.62 

0.3378 

75.69 

Reference  conditions  at  point  on  tunnel  centerline  7.00  inches 
downstream  of  nozzle  exit. 

Pressure  data  from  run  1485,  beat  transfer  data  from  run  1487. 
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Separated  Flows  ahead  of  a  Ramp 
Fore  and  aft  flaps,  end  plates 
3  separate  models; 

1)  Pressure  and  heat  transfer,  AEDC  Tunnels 
A  &  B,  M  "  5  &  8,  results  In  Refs.  5-7. 

2)  Controlled  wall  temperature,  pressure, 

AEDC  Tunnel  B,  M  »  8,  results  In  Refs.  6  and  8. 

3)  Pressure  and  heat  transfer,  Grumman  Shock 
Tunnel,  M  ~  13  &  19,  results  In  Ref.  9. 


Wedge  -  Plate  Interaction 

Small  and  large  fins  with  sharp 
and  blunt  leading  edges 
2  separate  models: 

1)  Pressure  and  heat  transfer,  AEDC  Tunnels 

A  &  B,  M  “  5  &  8,  results  In  Refs.  6,7,10  and  11 

2)  Pressure  and  heat  transfer,  Grumman  Shock 
Tunnel,  M  x::”  13  &  19,  results  In  Ref.  9. 


Clipped  Delta,  Blunt  L.E. 

Center  body,  T.E.  flaps,  drooped  nose, 
spoiler,  tip  fins 
3  separate  models: 

1)  Pressure  and  heat  transfer,  AEDC  Tunnels 

A  &  B,  M  “  5  f:  8,  results  In  Refs.  7  and  12-15. 

2)  Pressure,  AEDC  Hotshop  2, 

MX5  19,  results  In  Refs.  16  and  17. 

3)  Six  component  force,  AEDC  Tunnels 

A&B,  M  ■5  &  8,  results  In  Refs.  15  and  18. 


Delta,  Blunt  L.E.,  Dihedral 

T.E.  flaps,  canard,  ventral  fin 
3  separate  models: 

1)  Pressure  and  heat  transfer,  AEDC  Tunnels 
A&B,  M  “5  &  8,  results  In  Refs.  7  and  19-21. 

2)  Pressure  and  heat  transfer,  Grumman  Shock 
Tunnel,  MS;  19,  results  herein. 

3)  Six  component  force,  AEDC  Tunnels 
A&B,M»5&8,  results  In  Refs.  21  and  22. 


Fig.  1  General  Outline  of  Models  and  Remarks  for  Over -all  Program 
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Fig.  2  Photograph  o£  Model  Installed  in  the  Gnamman  Hypersonic  Shock  liinnel 


L5 


Fig^  3  Photograph  of  Model  with  Upper  Surface  Flaps  Attached 


Fig.  4  Model  Instrumentation 


; - 3.125 


Gauge  numbers  and  locations 


Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface). 

Y' 

-  0 

o 

3 

(leading  edge) , 

Y’ 

-  -0.449 

Q 

4 

(leading  edge). 

Y' 

-  0.449 

5 

thru 

8 

(lower  surface). 

Y' 

-  0.433 

9 

thru 

12 

(upper  surface). 

Y‘ 

-  0.472 

• 

55 

thru 

58 

(lower  surface). 

Y* 

-  -0.433 

► 

59 

thru 

62 

(upper  surface) , 

Y' 

-  -0.472 

Fig.  8  C  and  Nu//  versus  X'  for  Basic  Configuration 

with  Upper  (Dihedral)  Surface  Flaps  at  a  =  -  30® 

20 


Gauge  numbers  and  locations 


3  (leading  edge),  Y' 

49 

4  (leading  edge),  Y' 

49 

5  thru  8  (lower  surface),  Y’ 

33 

9  thru  12  (upper  surface),  Y' 

-  0.4 

72 

55  thru  58  (lower  surface),  Y* 

33 

59  thru  62  (upper  surface),  Y' 

-  -0.4 

72 

Fig.  9  Cp  and  NuZ/le^  versus  X’  for  Basic 
Configuration  at  a  »  -  15® 


Symbols 

Gauge  numbers  and  locations 

X 

1 

and  2 

(lower  surface) , 

Y' 

3 

(leading  edge) , 

Y' 

(D 

4 

(leading  edge), 

Y‘ 

Q 

5 

thru  8 

(lower  surface) , 

Y' 

P 

9 

thru  12 

(upper  surface), 

Y' 

• 

55 

thru  58 

(lower  surface) , 

Y' 

► 

59 

thru  62 

(upper  surface) , 

Y' 

Fig.  10  Cp  and  Nu//  Re^"  versus  X'  for  Basic  Configuration 
with  Lower  Surface  Flaps  at  a  =  -  15° 


Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface),  Y' 

» 

0 

<*> 

3 

(leading  edge),  Y* 

- 

-0.449 

4 

(leading  edge),  Y' 

■i 

0.449 

5 

thru 

8 

(lower  surface),  Y' 

m 

0.433 

► 

9 

thru 

12 

(upper  surface),  Y’ 

m 

0.472 

• 

55 

thru 

58 

(lower  surface),  Y' 

-0.433 

► 

59 

thru 

62 

(upper  surface),  Y* 

m 

-0.472 

Fig.  ii  Cp  and  wu/V^l[e^  versus  X'  for  Basic  Configuration 
with  Upper  (Dihedral)  Surface  Flaps  at  a  =  -  15® 


S3rmbol8 


Gauge  numbers  and  locations 


i 


X 

1 

and 

2 

(lower  surface), 

Y' 

■s 

0 

3 

(leading  edge), 

Y' 

m 

-0.449 

4 

(leading  edge) , 

Y' 

m 

0.449 

O 

5 

thru 

8 

(lower  surface). 

Y' 

m 

0.433 

9 

thru 

12 

(upper  surface) , 

Y’ 

0.472 

• 

55 

thru 

58 

(lower  surface). 

Y' 

m 

-0.433 

► 

59 

thru 

62 

(upper  surface) , 

Y' 

-0.472 

with  Upper  (Dihedral)  Surface  Flaps  at  a  =  0 

26 


Symbols 

Gauge  numbers  and  locations 

X 

1 

and 

2 

(lower  surface),  Y’ 

3 

(leading  edge),  Y* 

Q 

4 

(leading  edge),  Y’ 

5 

thru 

8 

(lower  surface),  Y' 

l> 

9 

thru 

12 

(upper  surface),  Y’ 

• 

55 

thru 

58 

(lower  surface),  Y’ 

► 

59 

thru 

62 

(upper  surface),  Y' 

0 

0.449 

0.449 

0.433 

0.472 


Fig.  15  C  and  Nu//  Re  versus  X’  for  Basic  Configuration 
P  ^ 

with  Ventral  Fin  at  a  =  0 

2 


Symbols 

Gauge  numbers  and  locations 

X 

1 

and  2 

(lower  surface) , 

Y' 

*  0 

3 

(leading  edge) , 

Y' 

-  -0.4 

49 

B 

4 

(leading  edge) , 

Y' 

49 

e 

5 

thru  8 

(lower  surface) , 

Y' 

-  0.4 

33 

9 

thru  12 

(upper  surface) , 

Y' 

72 

• 

55 

thru  58 

(lower  surface) , 

Y' 

-  -0.4 

33 

► 

59 

thru  62 

(upper  surface) ^ 

Y* 

-  -0.4 

72 

16  C  and  Nu/v/  Ke  versus  X’  for  Basic 

p  X 

Configuration  at  a  =  +  14.3® 


ibols 

Gauge  numbers  and  locations 

X 

1 

and  2 

(lower  surface) , 

Y’ 

3 

(leading  edge), 

Y' 

Q 

4 

(leading  edge), 

Y' 

5 

thru  8 

(lower  surface) , 

Y' 

l> 

9 

thru  12 

(upper  surface) , 

Y’ 

• 

55 

thru  58 

(lower  surface). 

Y' 

► 

59 

thru  62 

(upper  surface) , 

Y' 

Fig.  17  C  and  Nu//l[e^  versus  X’  for  Basic  Configuration 
with  Lower  Surface  Flaps  at  a  *  +  14.3° 


Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface) , 

Y' 

-  0 

<t> 

3 

(leading  edge), 

Y' 

*  -0.449 

Q 

4 

(leading  edge) , 

Y' 

-  0.449 

5 

thru 

8 

(lower  surface). 

Y' 

-  0.433 

l> 

9 

thru 

12 

(upper  surface). 

Y' 

-  0.472 

• 

55 

thru 

58 

(lower  surface). 

Y* 

-  -0.433 

59 

thru 

62 

(upper  surface) , 

Y' 

-  -0.472 

0.4  0.6  0.8  1.0  0.6  0.8  1.0 

X'  X' 

Fig.  18  Cp  and  Nu//  Re^  versus  X'  for  Basic  Configuration 

with  Upper  (Dihedral)  Surface  Flaps  at  a  =  +  14.3® 

30 


Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface),  Y* 

m 

0 

♦ 

3 

(leading  edge),  Y* 

m 

-0.449 

Q 

4 

(leading  edge),  Y* 

m 

0.449 

0 

5 

thru 

8 

(lower  surface),  Y* 

m 

0.433 

P 

9 

thru 

12 

(upper  surface),  Y' 

“ 

0.472 

• 

55 

thru 

58 

(lower  surface),  Y' 

■( 

-0.433 

► 

59 

thru 

62 

(upper  surface),  Y' 

- 

X'  X' 

Fig.  19  C  and  Nu//  Re  versus  X’  for  Basie  Configuration 
P  ^ 

with  Ventral  Fin  at  a  =  +  14.3° 
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Symbols 

Gauge  numbers  and  locations 

X 

1 

and  2 

(lower  surface). 

Y'  - 

0 

3 

(leading  edge). 

Y’  - 

-0.A49 

0 

A 

(leading  edge). 

Y'  - 

0.AA9 

<8 

5 

thru  8 

(lower  surface). 

yl  . 

0.A33 

9 

thru  12 

(upper  surface), 

Y«  - 

0.A72 

• 

55 

thru  58 

(lower  surface). 

Y*  - 

-0.A33 

59 

thru  62 

(upper  surface). 

yl  . 

-0.A72 

X'  x‘ 


Fig.  21  Cp  and  Nu//  Re^  versus  X'  for  Basic  Configuration 
with  Lower  Surface  Flaps  at  a  «  +  30® 
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Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface),  Y’ 

at 

0 

♦ 

3 

(leading  edge),  Y* 

m 

-0.449 

0 

4 

(leading  edge),  Y* 

» 

0.449 

e 

5 

thru 

8 

(lower  surface),  Y' 

■ 

0.433 

s» 

9 

thru 

12 

(upper  surface),  Y' 

m 

0.472 

• 

55 

thru 

58 

(lower  surface),  Y' 

m 

-0.433 

► 

59 

thru 

62 

(upper  surface),  Y' 

m 

-0.472 

Fig.  22 


C  and  Nu/y^  Re~  versus  X'  for  Basic 
with  Upper  (Dihedral)  Surface  Flaps  at 


ry _ Cl 

OUUJLXgwii.a 

a  =  +  30° 


34 


Gauge  numbers  and  locations 


Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface),  Y' 

m 

0 

3 

(leading  edge),  Y' 

- 

-0.449 

4 

(leading  edge),  Y' 

■1 

0.449 

5 

thru 

8 

(lower  surface),  Y' 

m 

0.433 

9 

thru 

12 

(upper  surface),  Y' 

0.472 

• 

55 

thru 

58 

(lower  surface),  Y' 

m 

-0.433 

► 

59 

thru 

62 

(upper  surface),  Y' 

“ 

-0.472 

0.4  0.6  0.8  1.0  0.6  0.8  1.0 

X*  X' 


Fig.  24  C  and  Nu//  Re  versus  X'  for  Basic  Configuration 
P  ^ 

at  a  =  +  45° 
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Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface),  Y' 

- 

0 

♦ 

3 

(leading  edge),  Y' 

- 

-0.449 

Q 

4 

(leading  edge),  Y* 

- 

0.449 

5 

thru 

8 

(lower  surface),  Y* 

■1 

0.433 

9 

thru 

12 

(upper  surface),  Y' 

■ 

0.472 

• 

55 

thru 

58 

(lower  surface),  Y' 

-0.433 

► 

59 

thru 

62 

(upper  surface),  Y' 

m 

-0.472 

O.A  0.6  0.8  1.0  0.6  0.8  l.-O 


X’  X' 

Fig.  ?.5  C  and  Nu//  Re  versus  X’  for  Basic  Configuration 
P  ^ 

with  Lower  Surface  Flaps  at  a  =  +  45® 
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Symbols 


Gauge  numbers  and  locations 


X  1  and  2  (lower  surface),  Y'  -  0 

♦  3  (leading  edge),  Y'  -  -0.4A9 

0  4  (leading  edge),  Y*  0.449 

®  5  thru  8  (lower  surface),  Y'  *  0.433 

►  9  thru  12  (upper  surface),  Y’  »  0.472 

•  55  thru  58  (lower  surface),  Y'  ■  -0.433 

►  59  thru  62  (upper  surface),  Y'  -  -0.472 


Fig.  26  C  and  Nu/y  tie  versus  X'  for  Basic  Configuration 
P  ^ 

with  Upper  (Dihedral)  Surface  Flaps  at  a  =  +  45° 
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Symbols 


Gauge  numbers  and  locations 


X 

1 

and 

2 

(lower  surface),  Y‘ 

m 

0 

♦ 

3 

(leading  edge),  Y' 

- 

-0.449 

4 

(leading  edge),  Y* 

m 

0.449 

0 

5 

thru 

8 

(lower  surface),  Y' 

m 

0.433 

9 

thru 

12 

(upper  surface),  Y' 

m 

0.472 

• 

55 

thru 

58 

(lower  surface),  Y* 

m 

-0.433 

59 

thru 

62 

(upper  surface),  Y' 

- 

-0.472 

X*  X* 


Fig.  27  and  Nu//  versus  X'  for  Basic  Configuration 

P  “ 

with  Ventral  Fin  at  a  *  +  45® 
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